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Experimental Sections 
Experimental Sections 
General Procedures. All reagents were purchased from commercial sources and used without 
further purification. Elemental analyses (C, H, and N) were performed at the Central Research Facilities 
of Ulsan National Institute of Science & Technology. Metal ions (Zn and Cu) were analyzed using a 
Varian 720-ES inductively coupled plasma–atomic emission spectrometer (ICP–AES). FT–IR spectra 
were recorded as KBr pellets using a Nicolet iSIO FT–IR spectrophotometer, and the reflectance 
technique (4000–400 cm–1). Thermogravimetric analysis (TGA) data were recorded on a TA Instruments 
Q-600 series thermal gravimetric analyzer in a nitrogen atmosphere. Powder X-ray diffraction (PXRD) 
data were recorded using a Rigaku D/M 2200T automated diffractometer at room temperature, with a 
step size of 0.02° in 2θ angle. Simulated PXRD patterns were calculated with the Material Studio 
programS1 using the single-crystal data. 
Preparation of MOFs 
Cu-HKUST-1, ([Cu3(BTC)2(H2O)3]). Cu-HKUST-1 was prepared via the reported solvothermal 
reaction process.S2 A solid mixture of Cu(NO3)2·2.5H2O (0.123 g, 0.532 mmol) and 1,3,5-
benzenetricarboxylic acid (H3BTC) (0.074 g, 0.352 mmol) was dissolved in N,N′-dimethylformamide 
(DMF) (6 mL) / ethanol (6 mL) / H2O (6 mL) in a 20 mL vial and heated at 70 °C for 24 h. Green, cubic 
crystals of Cu-HKUST-1 were collected, washed with fresh ethanol, and then air-dried. The identity of 
Cu-HKUST-1 was confirmed using the PXRD analysis of the bulk sample. 
Zn-HKUST-1, ([Zn3(BTC)2(H2O)3]). Zn-HKUST-1 was prepared using a procedure that was 
slightly modified from the reported procedure.S3 A solid mixture of Zn(NO3)2·6H2O (0.297 g, 0.998 
mmol) and H3BTC (0.210 g, 0.999 mmol) was dissolved in 40 mL DMF in a 50 mL glass vial. The 
resulting solution was divided into eight portions and sealed in 10 mL glass vials. The reaction solution 
was heated in an isothermal oven at 70 °C for 4 d resulting in colorless cubic crystals, which were 
collected by filtration, washed with fresh DMF, and then air-dried. Yield: 29.0 mg. FT–IR (KBr, 4000–
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400 cm–1): 3419 (br, w), 2934 (w), 1652 (vs), 1634 (s), 1582 (m), 1496 (w), 1440 (s), 1374 (vs), 1254 
(w), 1187 (w), 1102 (m), 1062 (w), 1015 (w), 941 (w), 865 (w), 764 (m), 722 (m), 685 (w), 668 (w), 462 
(w), 453 (w). 
Zn-PMOF-2, ([Zn24L8(H2O)24]). Single crystals of 2 were prepared via the reported solvothermal 
reaction process.S4 A 0.4821 g (0.750 mmol) amount of 1,3,5-tris(3,5-dicarboxylphenylethynyl)benzene) 
(H6L) was dissolved in 30 mL DMF and then a 0.7139 g (2.40 mmol) amount of Zn(NO3)2·6H2O was 
added to the solution. The solution was sealed in a 50 mL vial and heated at 85 °C for 20 h. Colorless 
block-shaped crystals were harvested by filtering and washing with DMF. The harvested crystals were 
stored in fresh DMF. 
Procedures for transmetalation of the framework metal ion 
Before the preparation of metal-ion exchanged MOFs, as-synthesized Zn single crystals were soaked 
in methanol for 1 d. During the soaking, the solvent was refreshed twice. After soaking in 
Cu(NO3)2·2.5H2O methanol solution at ambient temperature, the solvent was decanted, and then the 
metal-ion-exchanged crystals harvested by filtration were washed thoroughly with methanol and kept in 
fresh methanol for 1 d to remove the excess metal salt from the solvent pores of the framework. 
Kinetic study 
For kinetic studies of the framework metal-ion exchange, several samples of approximately an equal 
amount (≈ 10 mg) without grinding were soaked in metal nitrate methanol solutions (≈ 8 mL). After 
decanting the metal solution, the time-dependent soaking sample was washed thoroughly with methanol, 
kept in fresh methanol for 1 d to remove the excess metal salt from the solvent pores of the framework, 
soaked in dichloromethane for 2 d and dried under vacuum at room temperature overnight before being 
subjected to ICP–AES analysis. 
Gas adsorption analyses 
Activation of the MOFs via the Conventional Vacuum Drying (CVD) Process. The as-
synthesized MOFs and the metal-ion-exchanged MOFs were soaked in methanol for 2 d, with the 
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solvent methanol being refreshed three times during the soaking. The resulting methanol-soaked sample 
was transferred as a suspension to a Brunauer−Emmett−Teller (BET) sample cell and the solvent was 
decanted. The wet sample was evacuated at room temperature for 10 min and then at 80 °C for 1 d. 
N2 Sorption Measurements. All N2 sorption isotherms were measured using a BELSORP-max 
(BEL Japan, Inc.) with a standard volumetric technique up to the saturated pressure. The N2 (with purity 
of 99.999%) sorption isotherms were monitored at 77 K. The adsorption data in the pressure range 
below ≈ 0.1 P/P0 were fitted to the BET equation to determine the BET surface areas. For the Langmuir 
surface areas, data from the whole pressure range were used. 
Crystallographic data collection and refinement of the structure 
A crystal of Zn-HKUST-1 was coated with Paratone-N oil and the diffraction data measured at 193 K 
with Mo Kα radiation on an X-ray diffraction camera system using an imaging plate equipped with a 
graphite crystal incident beam monochromator. Rapid Auto softwareS5 was used for data collection and 
data processing. The structure was solved by direct methods and refined by full-matrix least-squares 
calculation with the SHELXTL software package.S6 
One-sixth of a ligand on Wyckoff site symmetry, j, and one zinc atom and one ligated water molecule 
(it could be partially identified as a disordered DMF solvent molecule) on Wyckoff site symmetry, h, 
were observed as an asymmetric unit. All nonhydrogen atoms were refined anisotropically; the hydrogen 
atoms attached to the ligand were assigned isotropic displacement coefficients U(H) = 1.2U(C), and 
their coordinates were allowed to ride on their respective atoms. The hydrogen atoms attached to the 
ligated water molecule were not included in the least-squares refinement. The least-squares refinement 
of the structural model was performed under displacement parameter restraint, ISOR, on the ligated 
water oxygen atom. The final refinement was performed with a modification of the structure factors for 
the electron densities of the disordered solvents using the SQUEEZE option of PLATON.S7 Refinement 
of the structure converged at a final R1 = 0.0622 and wR2 = 0.1882 for 1093 reflections with I > 2σ(I); 
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R1 = 0.0649 and wR2 = 0.1918 for all 1134 reflections. The largest difference peak and hole were 1.083 
and –0.890 e·Å–3, respectively. 
A summary of the crystal data for Zn-HKUST-1 is given in Table S1. 
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Table S1. Crystal data and structure refinement for Zn-HKUST-1. 
 
Empirical formula C6H4O5Zn 
Formula weight 221.46 
Temperature 173(2) K 
Wavelength 0.71069 Å 
Crystal system Cubic 
Space group Fm-3m 
Unit cell dimensions a = 26.540(5) Å α = 90° 
 b = 26.540(5) Å β = 90° 
 c = 26.540(5) Å γ = 90° 
Volume 18694(6) Å3 
Z 48 
Density (calculated) 0.944 Mg/m3 
Absorption coefficient 1.565 mm–1 
F(000) 5280 
Crystal size 0.48 × 0.45 × 0.33 mm3 
Theta range for data collection 3.07 to 27.48° 
Index ranges –34 ≤ h ≤ 32, –34 ≤ k ≤ 34, –34 ≤ l ≤ 34 
Reflections collected 46697 
Independent reflections 1134 [R(int) = 0.0740] 
Completeness to θ = 27.48° 99.5% 
Absorption correction Semiempirical from equivalents 
Max. and min. transmissions 0.6262 and 0.5205 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 1134 / 6 / 36 
Goodness-of-fit on F2 1.125 
Final R indices [I > 2σ(I)] R1 = 0.0622, wR2 = 0.1882 
R indices (all data) R1 = 0.0649, wR2 = 0.1918 
Largest diff. peak and hole 1.083 and –0.890 e·Å–3 
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Table S2. The sorption properties of the MOFs and their transmetalated MOFs.a 
 
MOFs Formula 
SABET 
/m2 g–1 
ALang 
/m2 g–1 
Vp 
/cm3 g–1 Ref. 
Zn-HKUST-1 [Zn3(BTC)2(H2O)3] 0 0 0 this work 
Cu0.46Zn0.54-HKUST-1 [(Cu3)0.46(BTC)2(Zn3)0.44(H2O)3] 770 890 0.32 this work 
Cu0.56Zn0.44-HKUST-1 [(Cu3)0.56(BTC)2(Zn3)0.44(H2O)3] 980 1120 0.40 this work 
Cu-HKUST-1 [Cu3(BTC)2(H2O)3] 1460 1710 0.61 this work 
Zn-PMOF-2 [Zn24L8(H2O)12] 0 0 0 this work 
Cu0.22Zn0.78-PMOF-2 [(Cu24)0.22L8(Zn24)0.78(H2O)12] 950 1080 0.39 this work 
Cu0.62Zn0.38-PMOF-2 [(Cu24)0.62L8(Zn24)0.38(H2O)12] 2010 2320 0.84 this work 
Cu1Zn0-PMOF-2 [Cu24L8(H2O)12] 3550 4100 1.46 this work 
Cu-PMOF-2 [Cu24L8(H2O)12] 3730/3000 4180/3500 1.56/1.36 S4/S8 
 
a All of the samples were activated using the CVD process. 
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Figure S1. Optical microscopic photographs of a single crystal of Zn-HKUST-1 (≈ 0.10 × 0.10 × 0.09 
mm) soaked in a 0.3 M Cu(NO3)2·2.5H2O methanol solution at ambient temperature for 1 d, 2 d, 8 d, 
and 28 d. 
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Figure S2. The PXRD patterns of the as-synthesized sample of Cu-HKUST-1 (black), Zn-HKUST-1 
(red), and the transmetalated samples, Cu0.46Zn0.54-HKUST-1 (blue) and Cu0.56Zn0.44-HKUST-1 
(magenta). 
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Figure S3. The metal ion contents in mole fractions during the framework metal-ion exchange: (a) from 
Zn-HKUST-1 to Cu-HKUST-1 and (b) from Zn-PMOF-2 to Cu-PMOF-2. 
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Figure S4. The PXRD patterns of the as-synthesized sample of Zn-PMOF-2 (red) and the 
transmetalated sample of Cu1Zn0-PMOF-2 (blue). The simulated PXRD pattern (black) is from the 
single-crystal structure of Zn-PMOF-2. 
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